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Abstract 
The Medical Apparel Development of Entrepreneurship course helps students: (a) understand 
fundamental product development concept and the process, (b) implement medical apparel development 
of entrepreneurship incorporating 3D printing, and (c) contribute to local community service centers for a 
service-learning practice task. The overall design concept and process will be useful in course content, 
including seven face-covering steps during the sixteenweek course. It is imperative for academia and 
industry to collaborate and contribute to finding an optimal face-covering prototype, created from suitable 
materials and elastics, which is washable, reusable, and hygienic better to understand the unique and 
straightforward pattern and design process. Furthermore, the proponent of academic service-learning 
provides not only real-world applications of classroom knowledge into a community setting, but also 
allows students to synthesize their face-coverings in more meaningful ways and adopt service-learning 
practices and lifestyles. 
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The Medical Apparel Development of Entrepreneurship course helps students: (a) understand 
fundamental product development concept and the process, (b) implement medical apparel 
development of entrepreneurship incorporating 3D printing, and (c) contribute to local 
community service centers for a service-learning practice task. The overall design concept and 
process will be useful in course content, including seven face-covering steps during the sixteen-
week course. It is imperative for academia and industry to collaborate and contribute to finding 
an optimal face-covering prototype, created from suitable materials and elastics, which is 
washable, reusable, and hygienic better to understand the unique and straightforward pattern 
and design process. Furthermore, the proponent of academic service-learning provides not only 
real-world applications of classroom knowledge into a community setting, but also allows 
students to synthesize their face-coverings in more meaningful ways and adopt service-learning 



















(Submitted for consideration for presentation at  
The 2021 United States Association for Small Business and Entrepreneurship Conference)  
  
USASBE 2021 




Learning Innovation and Service Learning in Medical Apparel Development of 
Entrepreneurship: Face-Covering 
 
Background and Problems 
 Medical apparel, including face masks and surgical, patient, or isolation gowns, has 
significantly developed as a novel textile material and innovative textiles. All medical materials 
that maintain specific properties, such as hygiene, comfort, fit, protection, and skin-friendly 
breathability, should be easily disposable and biodegradable (Sangeeth, Priyanka, & Amutha, 
2016). According to the Zion Market Research (2018), the global medical clothing market, 
including medical apparel, will reach approximately 2,97 million U.S. dollars by 2024. However, 
the early onset of Coronavirus Disease (COVID-19) faced panic buying of face masks because 
prices of disposable face masks are increasing, and the supply of face masks is running out 
quickly. Amid the growing concerns and rising demand for face masks, the supply-and-demand 
mismatch causes pandemonium, fueling exceeding demands for face masks. Consumers in the 
world have faced out-of-stock shelves, long lines, and fake face masks being sold online. For 
example, consumers were waiting more than two hours in front of stores in countries like China, 
South Korea, and Japan to purchase face masks and are required to bring medical descriptions of 
their needs to make the purchase, such as in France. Moreover, some stores were limiting their 
sale of face masks to one or two per customer, such as in New Orleans in the U.S., and face mask 
prices have increased to six times the regular price in Indonesia, as reported by the 
YonhapnewsTV (February 29, 2020). Despite the global issues surrounding the shortage of face 
masks, there is a lack of medical apparel design research on the issue and pedagogical guidance 
in the medical apparel development course, including materials (hygiene and safety) and work 
efficiency. Critical challenges still exist in developing worthwhile design and process that will 
improve medical apparel products.  
 
According to the Hanover Research (2019), a product development process with six 
phases (idea generation, concept testing, product refinement, market warming, product launch, 
product review) plays a vital role in medical apparel (product) development of entrepreneurship 
due to critical risks of launching new product development within the first year. For example, the 
primary face-covering design with three pieces was expected to favorably cover the consumers’ 
face; however, in terms of business (e.g., work and time efficiency, finance, etc.), the final 
product was a single piece considering the shaping concept (Budlong, 2020). To analyze work 
and time efficiency through the observation and timing of tasks is a scientific management 
system, a time-and-motion study initially developed by Frederick Taylor (1856-1915) and Frank 
and Lilian Gilbreths (1868-1926 and 1878-1972, respectively) can be carried out in the medical 
apparel process. Nam and Sanders (2020) found students are excited about medical apparel (face 
mask, gown, and scrubs) project, which can be contributed to its real-world situations (COVID-
19 Pandemic, Swine Flu Pandemic, Ebola Epidemic, etc.) and enjoy the collaboration project 
facilitated. Besides, it is an excellent opportunity for students to provide medical products in 
entrepreneurship programs through hands-on projects integrating 3D printing technology. The 
technology application has been extended to various disciplines and industries (e.g., fashion, 
healthcare, automobile, aeronautics, and space, etc.).  
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Goals, Research Questions, and Purposes 
The goals of this course are to provide educators with pedagogical guidance in similar 
product development disciplines and engage students in a wide range of experiences of 
invaluable learning and meaningful services in response to real community needs. The following 
research questions (RQs) guide the pedagogical process and practical evidence:  
RQ1: What conceptual framework do educators provide for pedagogical guidance for teaching 
medical apparel development course? 
RQ2: What material is appropriate for students to make face-coverings?   
RQ3: What pattern can students use to efficiently and effectively make face-coverings based 
on the time-and-motion study?  
RQ4: How do students integrate the pattern of face-covering with a 3D technology application?  
RQ5: What prototype performs the same requirements as standard specification for the 
performance of materials used in medical face-coverings?  
RQ6: How can educators contribute service-learning to local communities concerning face-
covering construction and research? 
 
This course aims to: (a) understand fundamental product development concept and 
process, (b) implement medical apparel development (especially, face-covering) of 
entrepreneurship incorporating 3D technology application, and (c) contribute to local community 
service centers for a service-learning practice task.  
 
Call to Action 
The overall design concept and the process (see Figure 1) will be useful in course 
content, including seven steps of face-covering in the medical apparel development of 
entrepreneurship course during a sixteen-week course (see Table 1), as presented in the final 
prototype. Academia and industry must 
collaborate and contribute to finding an 
optimal face-covering prototype, created from 
suitable materials and elastics, which is 
washable, reusable, and hygienic better to 
understand the unique and straightforward 
patterns and design processes. Educators will 
not only propose a taxonomy of best practices 
to produce ideal face-covering useful for 
academics teaching students but also likely 
integrate a 3D technology application into the 
course content. Thus, students can apply 
critical and creative thinking skills to problem-
solving and use 3D technology to facilitate 




Figure 1. Proposal conceptual framework for medical apparel development. 
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Furthermore, the proponent of academic service-learning provides a real-world 
application of classroom knowledge into a community setting and allows students to synthesize 
their product in more meaningful ways and adopt service-learning practices and lifestyles. 
Students who work closely within or with medical apparel development of entrepreneurship 
program will contribute to their local or state communities. To educate and engage in service-
learning is significant for students in an entrepreneurship program to consider the effects of their 
actions, from the public to private places (e.g., school, home and business). In all, the current 
study will encourage entrepreneurship educators to implement more and expand on a current 
service-learning opportunity and continue their efforts into service learning’s purposes for future 
generations. Developing best practices face-covering production and continued research will 
contribute to a growth in entrepreneurship programs embracing service-learning practices and 
initiatives supported by local or state communities, from local to beyond residents. Based on the 
course, educators will carry out various medical apparel products (face mask, gloves, shoes, and 
surgical, patient, or isolation gowns) with comfort, fit, and effectiveness. 
Further study will deeply consider hygiene medical face-covering based on the ASTM 
F2100-11 (2018), which specifies the performance requirements for facemasks according to five 
essential criteria: (a) bacterial filtration efficiency, (b) particulate filtration efficiency, (c) fluid 
resistance, (d) pressure differential, and (e) flame spread. In sum, entrepreneurship students can 
contribute to the growth of the medical apparel product market in the future. We recommend 
providing students with an opportunity to attend various medical apparel courses or projects 
through this and other related projects. 
 
Table 1.  
Learning Activity for Sixteen Weeks  
 
WEEK CONTENT ACTIVITY 
1 & 2 Current Market Trend  • Identify medical apparel trends 
• Understand target consumers 
• Define market sizes, price, start-up  
• Understand competitors 
3 Brainstorming • Sketch and ideate face-covering designs  
• Share idea with classmates  
4 Preliminary Prototype • Creating conceptual design prototype 
5 & 6 3D printing • Understanding 3D printing functions 
• Learning basic 3D printing application 
• How to integrate the prototype with a 3D printing application 
7, 8, & 9 Testing  • Select a material 
• Basic material testing (weight, thickness, tensile strength, etc.) 
• Time-motion study (work and time efficiency) 
• Evaluate quality  
10 Refinement • Refining a prototype  
11& 12 Consumer Acceptance  • Survey questionnaire: fit, comfort, perceptions, and acceptance  
• Reaction from consumers  
13 & 14 Modification  • Identifying defects from consumers  
15 Launch • Presentation  
16 Service-Learning  • Find and deliver to a local community center or organization 
USASBE 2021 





Allaboutlean.com (2013, November 10). The tale of Taylor and Gilbreth. Retrieved from 
https://www.allaboutlean.com/taylor-gilbreth/ 
American Society for Testing and Materials (2018). ASTM F2100-11: Standard specification for 
performance of materials used in medical face masks. West Conshohocken, PA: ASTM 
International. 
Budlong, J. (2020, September 24). Face covering design puts university’s collaboration efforts 
on display. Retrieved from 
https://www.inside.iastate.edu/article/2020/09/24/facecovering 
Hanover Research (2016, October 31). Critical Pitfalls of the NPD Process. Retrieved from 
https://www.hanoverresearch.com/reports-and-briefs/new-product-development-process-
pitfalls/ 
Nam, C., & Sandars, E. (2020). Incorporating a medical apparel project into a technical design 
process course in an apparel design program. Annual ITAA Conference Proceedings. 
Sangeeth, K., Priyanka, R., & Amutha, K. (2016). Design and development of eco-friendly 
nebulizer face mask. IJAR, 2(6), 515-517. 
YonhapnewsTV (2020, February 29). Supply problem of facemask globally. Retrieved from 
https://www.youtube.com/watch?v=QxZ43kSeaNU 
Zion market research (2018, July 19). Global surgical apparel market will reach USD 2,966.58 
million by 2024: Zion market research. Retrieved from 
https://www.globenewswire.com/news-release/2018/07/19/1539463/0/en/Global-
Surgical-Apparel-Market-Will-Reach-USD-2-966-58-million-by-2024-Zion-Market-
Research.html 
  
 
 
 
View publication stats
